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(57) ABSTRACT 

An electromagnetically operated unit for controlling a radial 
connection. The unit has a first device which is optionally 
coupleable with a second device. The second device includes 
a magnet and/or electromagnet. The unit also has radially 
movable Switching elements that are supported about the 
circumference of one of the devices, which additionally has 
contoured and/or frictional Surfaces, which mate with respec 
tive contoured and/or frictional surfaces of the other one of 
the devices, thus effectuate engagement of the first and sec 
ond devices. When the unit is designed with a closed current 
system the Switching elements are biased to disengage when 
current is applied to the magnet and with an open current 
system the Switching elements are biased to engage, against 
the force of a spring, when current is applied to the magnet. 

10 Claims, 5 Drawing Sheets 
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1. 

ELECTROMAGNETICALLY OPERATED 
UNIT, IN PARTICULARA CLUTCH, BRAKE 

AND/OR LOCK 

This application claims priority from German Application 
Serial No. 10 2006 024 276.9 filed on May 24, 2006. 

FIELD OF THE INVENTION 

The present invention is related to an electromagnetically 
operated unit, in particular a clutch, brake and/or lock. 

BACKGROUND OF THE INVENTION 

Multiple designs and embodiments of electromagnetic 
clutches and/or brakes are well-known in automotive engi 
neering. 

In this connection, also known are frictional locking sys 
tems, for example single-surface brakes, or disk brakes and 
disk clutches respectively, as well as positive locking sys 
tems, like tooth clutches, that usually execute axial Switching 
moVementS. 

From 196 13 763 C1, a switchable braking or coupling 
device (friction brake and/or friction clutch) is known, com 
prising a first part of the device having an axially movable 
pressure ring, which is movable against a second part of the 
device by actuating and resetting the devices between two 
axially offset working positions. Afriction element is further 
arranged between the pressure ring and the second part of the 
device, which operates in an active position of the pressure 
ring, while the pressure ring releases the friction element in 
the other position, an array of spring tabs with their tab ends 
being fastened clearance-free in the region of the first part of 
the device. A corresponding array of redirecting links is fur 
ther provided, which are flexibly supported on one end by the 
pressure ring and on the other end by the clear tab ends, for 
redirecting the axial movement of the pressure ring to a radial 
movement of the clear tab ends, both ends of the redirection 
elements being offset axially and radially from each other. 
According to DE 19613763 C1, a cylindrical drum is pro 
vided at the second part of the device, which overlaps the free 
tab ends radially, the friction element being arranged in the 
radial space between the cylinder surface of the drum and the 
free tab ends. 
The objective of the present invention is to disclose an 

electromagnetic clutch, brake and/or lock, which enables a 
Switchable connection of a powered and an unpowered or 
static part of a functional unit. In this connection, a torque 
transmitting connection should be established in a first oper 
ating State, and in a second operating state, both parts are 
separated, thus preventing torque transmission. In addition, 
the clutch, brake and/or lock according to the present inven 
tion should require little installation space. 

SUMMARY OF THE INVENTION 

An electromagnetically operated unit, in particular a 
clutch, brake and/or lock for the implementation of a switch 
able radial connection of a powered part and an unpowered or 
static part is thus proposed. The unit comprises a first part is 
connected, in a rotationally fixed manner, to a second part of 
the device and a second part is connected, in a rotationally 
fixed manner, to a second part of the device, one part of the 
device disclosing a magnet and/or an electromagnet with 
magnetic poles actuating in the radial direction. The first part 
of the device will also be, as indicated below, the part of the 
device to be braked/locked or coupled. 
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2 
The unit according to the present invention further com 

prises radially movable Switching elements which are located 
about the circumference of the device and communicate with 
the corresponding contours and friction Surfaces of the other 
part of the device to form a positive locking and/or frictional 
locking connection between the first part of the device and the 
second part of the device, each Switching element being actu 
ated when current is applied to the magnet, when designed as 
a closed-current system, to release and, when designed as an 
open-circuit system, to initiate the connection, against the 
force of at least one spring. 

According to a first embodiment of the present invention, 
the Switching elements may be supported on the magnet in the 
circumferential direction; the Switching elements may further 
be carried floating or connected clearance free via the spring 
elements, if necessary. 

According to the present invention, the poles of the elec 
tromagnet and the Switching elements, actuating together 
with the poles, may be arranged such that, viewed radially, the 
Switching elements can be temporarily biased inward (for 
example on a shaft) or outward (for example on a hollow shaft 
or housing) to implement positive and/or frictional engage 
ment. 

The Switching elements may, for example, be designed as 
circular arc or straight segments. 
Owing to the demands on radial locks, (e.g. torque, instal 

lation space, environment conditions, system requirements), 
the embodiment of the unit according to the present invention 
as a positive locking system appears as the preferred solution, 
because torque transmission is clearly higher with positive 
engagement compared to the friction system; in addition, 
positive engagement systems are comparatively unsuscep 
tible to Soiling with oil or grease. 
To enable positive engagement, the Switching elements 

Such as teeth, cams, etc. are thus provided with contours 
which mesh with the counter contours of the parts that should 
be engaged/held. 

With a positive engagement system, the speed of both parts 
to be connected should advantageously be almost synchro 
nous at initiation of the connection in order to prevent damage 
or wear and tear. 

If the electromagnetically operated unit according to the 
present invention is arranged as a clutch or brake, the embodi 
ment as a positive engagement system, particularly for clutch 
or brake processes at differential speeds, is particularly 
advantageous. This also results in the advantage that Switch 
ing may be implemented independently of the angular posi 
tion of the parts of the device with respect to each other. 

In an arrangement as a positive engagement system, the 
friction Surfaces should be protected against Soiling/oil/ 
grease, etc. by adequate packing to achieve satisfactory fric 
tion values and consequently adequate torque. 

Depending on the system requirements, the unit according 
to the present invention may be designed as either a closed 
current or open circuit system. 
To reduce the necessary operating power or to increase the 

torque transmissible via the electromagnetically operated 
unit according to the present invention, the positive engage 
ment as well as the frictional engagement embodiment may 
also be reinforced by a servo system. For this purpose, the 
force generated by the operating spring, with the closed cur 
rent principle and/or the coil in the open circuit principle, is 
reinforced between the magnet and the Switching element, for 
example, via a ball or a caster and a corresponding ramp of the 
component on which the Switching element rests, the force 
strength depending on the arranged contact angles. 
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The electromagnetically operated unit presented here may 
be advantageously used in the automotive field for the fixation 
and/or release of components of an active front wheel steering 
system with the aim of providing optimal operating comfort 
with Such active front wheel steering by means of a Superim 
posed power train, and at the same time ensuring the function 
of the steering system via an electromagnetically operated 
unit whose engagement function guarantees steering by pin 
1O. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be explained in more detail 
hereinafter in the exemplary attached FIGS., in which: 

FIG. 1 is a schematic top view of a preferred embodiment 
of an electromagnetically operated unit according to the 
present invention as shown in FIG. 1, which is arranged as a 
closed current system; 

FIG. 1A is a schematic sectional side view of the preferred 
embodiment of an electromagnetically operated unit accord 
ing to the present invention as shown in FIG. 1 which is 
arranged as a closed current system; 

FIG. 2 is a schematic sectional view of the pole surfaces 
and magnetic circuit of the electromagnetically operated unit 
according to FIG. 1 in the open state; 

FIG. 3 is a schematic detailed view of the position of a 
Switching element in the open State of the electromagnetically 
operated unit according to the present invention as shown in 
FIG. 1: 

FIG. 4 is a schematic detailed view of the position of a 
Switching element in the closed state of the electromagneti 
cally operated unit according to the present invention as 
shown in FIG. 1; 

FIG. 5 is a schematic sectional side view of a further 
preferred embodiment of an electromagnetically operated 
unit according to the present invention, which is arranged as 
a closed current system; 

FIG. 5A is a schematic sectional top view of a further 
preferred embodiment of an electromagnetically operated 
unit according to the present invention, as shown in FIG. 5, 
which is arranged as a closed current system; 

FIG. 6 is a schematic sectional side view of a third pre 
ferred embodiment of an electromagnetically operated unit 
according to the present invention, which is arranged as a 
closed current system; 

FIG. 6A is a schematic sectional top view of a third pre 
ferred embodiment of an electromagnetically operated unit 
according to the present invention, as shown in FIG. 6, which 
is arranged as a closed current system; 

FIG. 7 is a schematic sectional side view of a fourth pre 
ferred embodiment of an electromagnetically operated unit 
according to the present invention, which is arranged as a 
closed current system; and 

FIG. 7A is a schematic sectional top view of a fourth 
preferred embodiment of an electromagnetically operated 
unit according to the present invention, as shown in FIG. 7. 
which is arranged as a closed current system; 

DETAILED DESCRIPTION OF THE DRAWINGS 

With reference to FIGS. 1 and 1A, the electromagnetically 
operated unit 1 comprises a first part of the device 2 (part of 
the device for brake/clutch or lock purposes), which is 
designed as a flange and is connected in a rotationally fixed 
manner with a first part (not illustrated) to be connected, and 
a second part of the device 3, which is connected in a rota 
tionally fixed manner with a second part to be connected. 
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4 
The second part of the device 3 comprises a magnet and/or 

electromagnet 4 in the form of a coil with magnetic poles 
operating in the radial direction and Switching elements 5. 
which are radially moveable, which are actuated with the 
magnetic poles of the magnet 4 and respective contours 6 
and/or friction surfaces of the part of the device 3 for imple 
mentation of a positive engagement and/or frictionally 
engaged connection between the part of the device 2 to be 
braked/clutched or fixated and the part of the device 3. 

In the described embodiment, the switching elements 5 are 
biased to communicate with the part of the device to be 
braked/clutched or fixated (flange 2), via radial pretensioned 
springs 7, preferably leaf springs, in the non-energized State 
of the coil 4, Such that together with the corresponding con 
tours 6, form a positive engagement connection. The connec 
tion is disengaged by energizing the coil 4 and/or the electro 
magnet to operate contrary to the pretensioning force of the 
springs 7, which attracts the switching elements 5. 
The embodiment described as a closed current system is 

especially advantageous with regard to fail safe requirements, 
e.g. upon failure of the power Supply, because in this case, the 
connection between both parts of the device 2, 3 is not 
released. 
The magnetic circuit in the open state of the unit as shown 

in FIGS. 1 and 1A is exemplified with arrows in FIG. 2. Here, 
the switching elements 5 are pulled against the force of the 
springs 7, to disengage the connection. 
FIG.3 shows a schematic detailed view of the position of a 

Switching element 5 in the open state, being designed as a 
closed current system with the electromagnetically operated 
unit 1; here, the switching element 5 is moved radially inward 
against the force of spring 7 by the magnetic force generated 
by operation of the electromagnet 4; in the non-energized 
state of the electromagnet a tooth 8 of the switching element 
5 meshes with a corresponding contour 6 of the flange, via the 
force of spring 7, as illustrated in FIG. 4. 
The subject matter of FIGS. 5 and 5A is an embodiment of 

the present invention, in which the electromagnetically oper 
ated unit 1 is designed as a positively engaged closed current 
system, the switching elements 5 are biased inwardly in the 
direction of a shaft 9, when viewed radially, to initiate a 
positively engaged connection between the first part of the 
device 2 and the second part of the device 3. Here, in the 
non-energized state of the electromagnet 4, each of the 
switching elements 5 is biased against the shaft 9 by the force 
of at least one pressure spring 7. To assist the spring force in 
the engagement of the Switching element 5, a servo system 
may optionally be provided. This system includes a caster 10 
and a respective ramp on which the Switching element 5 rests. 
The ramp is located between the electromagnet 4 and the 
Switching element. 

FIGS. 6 and 6A illustrate a further embodiment of the 
present invention, in which the electromagnetically operated 
unit 1 is arranged as a positively engaged closed current 
system, the switching elements 5 are biased outwardly, via the 
force of at least one pressure spring 7, in the direction of a 
hollow shaft 11 and/or a housing, when viewed radially, to 
initiate a positively engaged connection between the first part 
of the device 2 and the second part of the device 3. In the 
illustrated embodiment a servo system is provided to assist 
the spring force in the engagement of the Switching element 5. 
The system includes a caster 10 and a respective ramp, on 
which the switching element 5 rests. The ramp is located 
between the electromagnet 4 and the Switching element. 

FIGS. 7 and 7A illustrate a further embodiment of the 
present invention, in which the electromagnetically operated 
unit 1 is designed as a positive engagement closed current 
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system, the switching elements 5 are biased outwardly, via the 
force of at least one pressure spring 7, toward a hollow shaft 
11 and/or a housing, when viewed radially, to initiate a posi 
tively engaged connection between the first part of the device 
2 and the second part of the device 3. In this embodiment, a 
servo system is likewise provided, and includes a caster 10 for 
each Switching element 5, the component on which the 
Switching element 5 rests being arranged as a ramp. 

If the electromagnetically operated unit is designed as an 
open circuit system, the engaging or coupling function and/or 
brake function is initiated, via the electromagnet, and the 
disconnection, via a spring element, for example. Here, the 
Switching elements are advantageously released by the spring 
force of the part of the device to be braked/fixated or clutched; 
the connection is initiated by operation of the electromagnet 
with the Switching elements being biased against the part of 
the device to be braked/clutched or fixated. In this arrange 
ment the switching elements are preferably fixed to the part of 
the device to be braked/fixated or clutched. 
Of course, any constructive embodiment, particularly any 

spatial arrangement of the components of the electromagneti 
cally operated unit as such, as well as in relation to one 
another, to the extent they are technically expedient, falls 
under the scope of protection of the present claims, without 
influencing the function of the electromagnetically operated 
unitas described in the claims, even if these embodiments are 
not explicitly illustrated in the FIGS. or mentioned in the 
description. 

Reference numerals 

Electromagnetically operated unit 
First part of the device, flange 
Second part of the device 
Magnet, electromagnet, coil 
Switching element 
Contour 
Spring 
Tooth 
Shaft 
Caster 
Hollow shaft 

The invention claimed is: 
1. An electromagnetically operated unit for engaging and 

disengaging a radial connection between a driving part and a 
driven part, the unit comprising: 

a first part (2) being fixed, in a slip free manner, to one of the 
driving part and the driven part, and the first part (2) 
having one of a contoured Surface and a frictional Sur 
face; 

a second part (3) being fixed, in a slip free manner, to the 
other of the driving part and the driven part, and the 
second part (3) of the unit Supporting one of a plurality of 
magnets and a plurality of electromagnets (4) each of 
which has a magnetic pole; 
the second part (3) of the unit further having radially 

displacable Switching elements (5) Supported about a 
circumference thereof, and the switching elements (5) 
having the other of the contoured surface and the 
frictional Surface, and one of the contoured Surface 
and the frictional Surface having at least one fixed 
tooth (8) formed therein and the other of the con 
toured surface and the frictional Surface having a plu 
rality of recesses (6) formed therein, each sized to 
matingly receive the at least one fixed tooth (8) therein 
and form a positive engagement between the con 
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6 
toured surface and the frictional surface while 
remaining Surfaces of the contoured surface and the 
frictional Surface form a frictional engagement 
between the contoured surface and the frictional Sur 
face; 

one of the contoured surface and the frictional surface, 
of the radially displacable switching elements (5), 
matingly engages with a corresponding one of the 
contoured surface and the frictional surface of the first 
part (2) to form the positive engagement and the fric 
tional engagement between the first part (2) and the 
second part (3): 

if the unit is a closed current system, then each of the 
switching elements (5) of the second part (3) are radially 
displaced toward the first part (2), when a current is 
applied to one of the plurality of magnets and the plu 
rality of electromagnets (4), to release engagement 
between the first part (2) and the second part (3); but 

if the unit is an open current system, then each of the 
switching elements (5) of the second part (3) are radially 
displaced, against a force of at least one spring (7), away 
from the first pad (2), when the current is applied to one 
of the plurality of magnets and the plurality of electro 
magnets (4), to induce disengagement between the first 
part (2) and the second part (3). 

2. The electromagnetic operating unit according to claim 1, 
wherein the switching elements (5) are one offloatingly sup 
ported to the second part (3) and Supported in a clearance free 
fixed manner to the second part (3). 

3. The electromagnetic operating unit according to claim 1, 
wherein the switching elements (5) and magnetic poles of one 
of the plurality of magnets and the plurality of electromagnets 
(4) are arranged such that, when viewed radially of the unit, 
the switching elements (5) are displaced one of radially 
inward and radially outward to induce engagement between 
the first part (2) and the second part (3). 

4. The electromagnetic operating unit according to claim 1, 
wherein the Switching elements (5) are one of arcuate seg 
ments and straight segments. 

5. The electromagnetic operating unit according to claim 1, 
further comprising a servo system comprises one of a ball and 
a caster (10) and a ramp, located between the Switching 
elements and one of the plurality of magnets and the plurality 
of electromagnets (4), and the servo system strengthening 
strengthens engagement between the first part (2) and the 
second part (3) to one of reduce the applied current and 
increase a transmissible torque via the electromagnetically 
operated unit (1). 

6. The electromagnetic operating unit according to claim 1, 
wherein the unit is a closed current system and each of the 
Switching elements (13), in an non-energized State of one of 
the plurality of magnets and the plurality of electromagnets 
(4), is forced by the at least one spring (7) against the first part 
(2) to implement a positive locking connection, and the 
switching elements (5) are secured to the second part (3) 
Supporting the electromagnet (4). 

7. The electromagnetic operating unit according to claim 1, 
wherein the unit is a closed current system and each of the 
Switching elements (5), in an non-energized State of one of the 
plurality of magnets and the plurality of electromagnets (4), is 
forced by the at least one spring (7) against the first part (2) to 
implement a positive locking connection, and the Switching 
elements (5) matingly engage with the first part (2). 

8. The electromagnetic operating unit according to claim 1, 
wherein the plurality of recesses (6) are formed in the con 
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toured surface and the recesses (6) are Substantially equally 
spaced from one another about a circumference of the con 
toured surface. 

9. The electromagnetic operating unit according to claim 8. 
wherein the contoured Surface also has a frictional braking 
area which is located between respective pairs of the recesses 
(6) for achieving the frictional engagement between the con 
toured surface and the frictional surface. 

10. An electromagnetically operated unit for engaging and 
disengaging a radial connection between a driving part and a 
driven part, the unit comprising: 

a first part (2) being fixed to one of the driving part and the 
driven part, and the first part (2) having one of a con 
toured Surface and a frictional Surface; 

a second part (3) being fixed to the other of the driving part 
and the driven part, and the second part (3) of the unit 
Supporting one of a plurality of magnets and a plurality 
of electromagnets (4) each of which has a magnetic pole; 
the second part (3) Supporting a pair of radially displa 
cable switching elements (5) about a circumference 
thereof, and the Switching elements (5) having one of a 
contoured Surface and a frictional Surface, 

one of the contoured surface and the frictional surface 
having at least one fixed tooth (8) formed therein and the 
other of the contoured surface and the frictional surface 
having a plurality of recesses (6) formed therein, each 
recess (6) being sized to matingly receive the at least one 
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8 
fixed tooth (8) therein and form a positive engagement 
between the contoured surface and the frictional surface; 
and the contoured surface and the frictional Surface, 
when engaged with one another, also achieve africtional 
engagement between the first part (2) and the second part 
(3): 

the unit is one of a closed current system and an open 
current system, in the closed current system, each of the 
switching elements (5) of the second part (3) is radially 
displaced toward the first part (2), when a current is 
applied to one of the plurality of magnets and the plu 
rality of electromagnets (4), to release engagement 
between the first part (2) and the second part (3); and in 
the open current system, each of the Switching elements 
(5) of the second part (3) is radially displaced, against a 
force of at least one spring (7), away from the first part 
(2), when the current is applied to one of the plurality of 
magnets and the plurality of electromagnets (4), to 
induce disengagement between the first part (2) and the 
second part (3): 

the Switching elements (5) are arcuate segments; and 
the at least one fixed tooth (8) is form in the frictional 

surface and the plurality of recesses (6) are formed in the 
contoured surface and are substantially equally spaced 
from one another about a circumference of the con 
toured Surface. 


